The poly(acrylamide co-acrylic acid) -sodium alginate hydrogels for heavy metal removal were prepared by electron beam irradiation using the 5.5 MeV electron beam accelerator, ALID-7. The irradiation dose was between 1.9 kGy and 9.5 kGy and the influence on the swelling properties was investigated. The hydrogels were tested for heavy metal removal in uptake experiments made on aqueous solutions of 635 and 1270 ppm Cu 2+ , respectively. The absorption of Cu 2+ ions was over 400 mg/g and 120 mg/g, respectively.
Introduction
Hydrogels are macromolecular networks able to absorb and release water solutions in a reversible manner [1] . Usually, most hydrogels are prepared from synthetic polymers by radical copolymerization, frontal copolymerization, graft copolymerization or cross-linking [2] . Recently, several available works dealing with the preparation of hydrogels based on both synthetic and natural polymers [3, 4] . Electron beam (EB) irradiation of aqueous solutions containing appropriate monomer mixtures was used to prepared polymeric materials for wastewater treatment, agriculture or medicine [5] . The goal of the paper is to present the obtaining and characterization of a new type of superabsorbent hydrogel based on acrylamide, acrylic acid and sodium alginate having the potential use for heavy metal removal.
Materials and equipments
Every sample containing 0.1 g of sodium alginate dissolved in 3 mL of distilled water and mixed with 1 g of acrylamide and 0.95 mL acrylic acid was irradiated in atmospheric conditions and at room temperature of 25 • C, using the linear electron accelerator of 5.5 MeV, ALID 7. The EB dose rate was of 2 kGy/min in order to accumulate doses between 1.9 and 9.5 kGy. The obtained hydrogels were cuted in small pieces and dried out until the constant weight. The metal ion uptake experiments were carried out by immersion of 0.02 g of each dried hydrogels in 40 mL of distilled water containing various concentrations of Cu 2+ ions for 24 and 48 h, at room temperature of 25 • C. Two types of copper based solutions were realized using CuSO 4 · 5H 2 O and distilled water. Using 2.496 g/L and 4.992 g/L, the resulting Cu 2+ concentrations in water solutions were of 635 and 1270 ppm respectively.
Results and discussion
The gel content, degree of swelling, equilibrium water content, diffusion parameters and network studies were performed according to previous studies [6] . The gel content in hydrogel increases with the irradiation dose as it can be seen in Fig. 1a . Swelling isotherms of hydrogels are shown in Fig. 1b . The degree of swelling decreased with the irradiation dose increasing, excepting for the irradiation dose of 1.9 kGy. The best degree of swelling had the hydrogels obtained at 3.8 kGy, being almost 20000%. As it can be seen from Fig. 1c , the hydrogels have reached the equilibrium water content (EWC [%]) over 99% starting with 3.8 kGy.
The amount of metal ion adsorbed (Q) was calculated according to previous studies [7, 8] . The Cu 2+ absorption results after 24 and 48 h are presented in Fig. 2 . Hydrogels were more efficient for Cu 2+ ions removal from the less concentrated solution of 635 ppm and less efficient for Cu 2+ ions removal from the more concentrated solution of 1270 ppm, the maximum of 125 mg/g being obtained at 5.7 kGy.
Conclusion
A new type of superabsorbent hydrogel based on acrylamide, acrylic acid and sodium alginate was obtained by free-radical copolymerization reaction in electron beam of 5.5 MeV. The swelling properties, diffusion coefficient and network parameters of the hydrogels are improved by the obtaining maethod. Uptake experiments on aqueous solutions of 635 and 1270 ppm Cu 2+ were made. The amount of heavy metal ions adsorbed from the solution of 635 ppm after 48 h was over 400 mg/g. The hydrogels were less efficient for Cu 2+ ions removal from the more concentrated solution of 1270 ppm.
